INTRODUCTION
Hyperglycaemia and glycosuria result when the combined rates of oxidation and storage do not keep pace with the rate of absorption of glucose from the alimentary canal or its formation in the body. Carbohydrate tolerance is therefore usually estimated by the study of glycaemia and glycosuria. Another generally recognized, and probably more efficient method, is the study of the respiratory exchange. These procedures have, from time to time, depending upon the circumstances in any given case, been employed independently. It would appear, however, that a study combining both methods would be the most satisfactory.
Even in normal individuals simultaneous blood and respiratory metabolism data, obtained following the ingestion of glucose, are very scanty. In isolated instances in studying carbohydrate metabolism in diseases other than diabetes, such data have been obtained for comparative purposes. Of special note are those of Sanger and Hun (1) in their work on hvperthyroidism, and Linder, Hiller and Van Slyke (2) on nephritis. Finley and Rabinowitch (3) and more recently Ladd and Richardson (4) applied this method in a study of renal glycosuria.
The object of this paper is to record simultaneous respiratory exchange and blood sugar time curves obtained in five cases of renal glycosuria, eleven cases of diabetes of different severity, and two cases of pituitary disease with glycosuria.
For the discussion of results it is necessary first to consider briefly the normal values obtained with the individual procedures. The literature of each method has frequently been reviewed and requires no repetition. BLOOD 
SUGAR
In a comprehensive study, including a statistical analysis of 4000 individual determinations in 971 cases, Gray (5) presented the views now most generally accepted. The values of the mean and the mode (the most typical results) of the series agreed very closely. The blood sugar time curve is characteristic. The fasting blood sugar is about 0.09. Following the administration of glucose, the maximum increment is noted within 30 minutes, and the value is below 0.180 per cent, the average peak being 0.140 per cent. The rate of decline is at first more rapid, then slower. Within 3 hours the blood sugar concentration is equal to or below that of the fasting period.
In only ten of 431 cases was the fasting level above 0.12 per cent. Eight of these were 0.130 per cent. In one case it was 0.15 and in another 0.160 per cent. These data are of particular interest since, in the majority of cases (300 out of 479), the dose of sugar administered by the various workers was that now generally employed, namely, 70 to 100 grams. In the majority of the 300 cases abnormal glycosuresis did not occur. It was, however, found in a sufficient number, namely, 129, to emphasize the difficulty of the interpretation of this phenomenon.
The majority of observers are also in agreement as to the relation between the type of the curve and the dose of sugar given. With as little as 5 grams an appreciable increase was noted. The highest peak with the smallest dose was as great as the average peak with the larger dose. With doses exceeding 25 grams the peak was not affected. Increasing the dose merely prolonged the time necessary for the blood sugar to return to its original fasting level. The difference between the effects of the starches and glucose was too small to determine any special preference.
In diabetics (excluding hypertension, nephritis, hepatic disorders, hyperthyroidism, hyperpituitarism, etc.) the mean values corresponds to those now generally recognized. Following the administration of glucose the rate of increase of the blood sugar percentage is slower, and the peak occurs later (at the end of the first hour). The rate of return to the original level varies with the severity of the disease as indicated by the degree of hyperglycaemia in the post-absorptive state.
In renal glycosuria, in the absence of nephritis, the mean levels of the fasting blood sugar, the rate and the character of the curve of decline are essentially the same as those found in normal individuals.
RESPIRATORY EXCHANGE
The average respiratory quotient during the fasting period is 0.82 (0.83 for males and 0.81 for females) (6) . After the administration of 100 grams of glucose an increase may be noted within 7 minutes (7) and rarely fails to occur within 30 minutes. The average maximum increase is about 0.12 (8) . In some instances a slight decrease may be noted. In conditions which deplete glycogen, such as exercise, starvation, etc., no increase or an actual decrease may be noted for a time (7, 8, 9) . Benedict and Carpenter (8) found a fairly consistent picture in the ten cases observed. The lowest, highest and average peaks of carbon dioxide production were respectively 12, 35 and 25 per cent above the basal period; of oxygen consumption, 3, 22, and 12 per cent; of the heat production 6, 24 and 14; and of the respiratory quotients, 0.07, 0.17 and 0.12 per cent. The average time of appearance of the maximum effects was within 2 hours.
Excluding the technical difficulties, psychic and other factors which may yield artificial respiratory quotients-common to both normal and diabetic subjects-and assuming that the quotients obtained approximate true metabolic respiratory quotients, there are still many factors which influence their value in the fasting state in diabetes and make difficult their interpretation. Rate of metabolism, composition of the diet of the previous day, the oxidation of acetone bodies, non-utilization of carbohydrates, incomplete oxidation of fats and decreased urea formation are some of these factors. The numerous vagaries have been discussed by both Joslin and DuBois in their recent monographs (10) . It is therefore unnecessary to repeat these here.
Following the administration of glucose to a diabetic in the absence of insulin, three types of response may be noted: (a) no increase, (b)
an increase, and in some cases approximating the response in normal individuals, and (c) an initial decrease followed by an increase. All three types of response were found during thisinvestigation. These will be discussed separately, and then correlated with the clinical picture and blood sugar curves. The curve of the heat production may or may not parallel the curve of the respiratory quotient.
METHODS
Classification of cases The diagnosis of all the cases of renal glycosuria was based upon the generally accepted clinical and laboratory standards, namely, (a) absence of hyperglycaemia, (b) no uniform relation, between intake and excretion of sugar, (c) excretion of sugar slight, (d) normal blood sugar time curves following administration of glucose, and (e) absence of other clinical signs and symptoms suggestive of the common type of diabetes. The important clinical index pointed out by Joslin, namely, the absence of diabetes following many years of observation, could for obvious reasons not be applied.
The classification of the diabetics into very mild, mild (incipient), moderate and severe, must, of necessity, be approximate. Joslin, though not strictly adhering to carbohydrate tolerance as a guide, does employ it. The individuals with a tolerance of less than 10 grams of glucose are regarded as severe, between 10 and 50 grams as moderate, and with a tolerance of 50 grams or over as mild. A classification based upon the use of insulin is suggested. According to Von Noorden's classification, those individuals are regarded as severe, who, in spite of a prolonged and extremely low carbohydrate diet, fail to become sugar free. Woodyattl suggests that the only rational method of measuring the degree of diabetes is to measure the velocity at which glucose can be utilized, that is, the number of grams utilized per unit of time such as 24 hours. The utilization of glucose equals the supply minus the excretion. The classification employed in this hospital, and for this investigation, combines that of Joslin and Von Noorden, with certain modifications. It is based upon (a) glycosuria, (b) ace-tonuria, in the absence of any previously restricted diet, (c) clinical signs and symptoms, (d) response to a "green day" diet, and (e) composition of the final diet.
1. Very mild. The glycosuria is transient or post prandial only, and disappears readily with moderate change in diet, which includes eliminating the sugar in tea or coffee avoiding pastries and puddings, but allowing one ounce of bread at each meal. Otherwise no particular restriction is made as to meats, or vegetables. The glycosuria is discovered by routine examination, and there are no other signs or symptoms of diabetes.
2. Mild cases. The glycosuria is present throughout the day, but may be made to disappear in one or two days, following a "green day" diet, consisting of 15 grams of carbohydrates, 20 grams of fat and 25 grams of protein. These patients following a "ladder diet," eventually tolerate as much as 150 grams carbohydrates. Clinical signs and symptoms may or may not be present. In the absence of a previous restriction of diet the urine contains no acetone bodies.
3. Moderate. The glycosuria is persistent throughout the day. Acetone bodies are found in the urine in the absence of previous restriction in diet. Clinical signs and symptoms are more pronounced. The urine becomes sugar free following 3 to 4 "green" days. The final diet contains at least 50 grams of carbohydrates, 150 grams of fat, and 50 grams of protein.
No insulin is required to maintain the average weight for the height. 4. Severe. The patient does not become sugar free after 4 "green days." Acetone bodies in the urine are marked. The clinical symptoms are still more pronounced. Glycosuria persists throughout the "ladder" period, while the diet is approaching the basal requirements. Insulin is necessary with the final diet, to maintain the average weight for the height of the individual.
LABORATORY TECHNIQUE
All tests were performed in the morning. The respiratory quotient and basal metabolic rate were first obtained in the post-absorptive state, and after half an hour of complete muscular rest. Blood and urine specimens were then taken. The dose of glucose (dissolved in 150 cc. of water and flavoured with lemon juice) as indicated in the tables, was then given.. The respiration experiments were of 10 minutes duration each, and commenced at such a time so that each period ended at the time recorded in any given case, namely, 30 minutes, 60 minutes, 1 hour, 2 hours, etc., following the ingestion of glucose. Blood and urine specimen were obtained at the end of each respiratory experiment. The Tissot gasometer and Haldane gas analysis apparatus were used. All gas analyses were made in dupli-cate by the same individual (E. V. 'B.). All blood and urine estimations were made by the same individual (A. B. F.). For the blood sugars the modified Myers-Benedict method was used; Urine sugars were estimated by the Benedict-Osterberg procedure after suitably diluting the specimens.
CALCULATIONS
In the cases of renal glycosuria, very mild-mild, and in some moderate cases of diabetes, a constant protein metabolism was assumed (15 per cent of the total). On this basis the non-protein respiratory quotients were calculated. In some moderate cases and in the severe type of diabetes associated with abnormal metabolism, nitrogen determinations were made by the Kjeldahl method, and thus non-protein respiratory quotients were obtained. From the non-protein respiratory quotient and the metabolic rate the calculations for the utilization of the carbohydrate were made in the usual manner. The nonprotein calories, assumed to be derived from the carbohydrates and fats, were apportioned according to the Zuntz-Schumberg Tables as  modified by Williams, Riche and Lusk (11) . The results are recorded in the accompanying tables. No alterations were made in the calculations where the respiratory quotients were greater than 1.0 or less than 0.70. In the former case, carbohydrate, and in the latter, fat oxidation, was assumed to be the only factor influencing the respiratory quotients.
DISCUSSION
The detailed data obtained from the cases of renal glycosuria are recorded in table 1 . The average increment in carbon dioxide production was 26.4 'per cent; in oxygen consumption 9.6 per cent; in heat production 13 This case is of particular interest. The fall in the respiratory quotient and the absence of oxidation of glucose may be attributed to the fact that the patient was in a state of carbohydrate starvation at the time of the test. Because glycosuria was found, the patient was apprehensive of his condition, and lived on a low carbohydrate diet for weeks prior to the test. The importance of recognizing this phenomenon in the interpretation of the results of blood sugar time curves in diabetes will be discussed later. In table 2 are recorded the detailed data from the different types of cases of diabetes, very mild, mild, moderate and severe. Since the data of the individual subjects are so at variance with one another and the cases differed clinically, a study of average results would appear to be of little value. It will be noted that in all the cases the rate of utilization of glucose (grams in 2 hours), was much below the average found for normal individuals. There was, however, no perfect correlation between the rate of utilization and the severity of disease. An explanation of this is suggested in the following discussion.
In the majority of cases recorded in the literature no rise in the respiratory quotient is noted following the ingestion of glucose. This is naturally attributed to the inability of the diabetic to tolerate carbohydrates. It might be pointed out that no rise in the respiratory quotient may indicate defective oxidation. It does not, however, necessarily follow that there is also defective storage. Tolerance for carbohydrates includes both oxidation and storage. In the cases recorded here three different types of reactions to glucose ingestion, manifested in the respiratorv quotient, are noted; namely, (a) no response, (b) an increment, and (c) an initial decrement followed by an increment.
All the respiratory quotient curves and their corresponding blood sugar curves are recorded in table 3. This is done with the object of correlation. Unexpected results were found. It will be noted that as late as at the end of one hour in the very mild (no. 6), in one mild (no. 7), and in two moderate (nos. 9 and 10) cases, there was an initial decrement in the respiratory quotient. On the other hand, in two of the three severe cases (nos. 14 and 15), a definite increment was noted.
In both of the latter cases the heat production had also increased. There appear to be two different types of diabetics, namely, those who can store more readily than oxidize and those who can oxidize more readily than they can store. To the former group appears to belong the less severe type of the disease. It will be noted that the fall in the respiratory quotient was noted in the very mild, mild and moderate cases. The level to which the respiratory quotient may fall is striking. That such low quotients are no index of severity of the disease is further suggested from the fact that Benedict and Carpenter (8) This method demonstrated the possible fallacy of the interpretation of blood sugar curves. Hyperglycaemia only results when the combined rates of oxidation and storage do not keep pace with the rate of absorption. In a mild diabetic in a state of starvation, the storage mechanism may be unimpaired, or at least not impaired enough to be demonstrated by methods now in use.
With the above data only and with methods presently available, it would be unwise to postulate several definite kinds of metabolic defects, since it is possible that all observed phenomena could be explained by assuming different degrees of one defect. The findings are, however, suggestive of the possible existence of two different forms of diabetes. In one form of the disease the predominant defect is storage of carbohydrates; in the other defective oxidation. Based upon the classification of diabetes employed here the former type of disturbance, namely defective storage, would appear to be predominant in the more severe form of the disease. 
